Techno-economic Analysis of a Standalone Hybrid Photovoltaic-wind System. Application in Electrification of a House in Adrar Region  by Maouedj, R. et al.
 Energy Procedia  74 ( 2015 )  1192 – 1204 
ScienceDirect
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4 .0/).
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD)
doi: 10.1016/j.egypro.2015.07.762 
International Conference on Technologies and Materials for Renewable Energy, Environment and 
Sustainability, TMREES15 
Techno-economic analysis of a standalone hybrid photovoltaic-wind 
system. Application in electrification of a house in Adrar region 
R. Maouedja*, A. Mammeria, M.D. Draoua and B. Benyoucefb 
a Unité de Recherche en Energies renouvelables en Milieu Saharien, UERMS, Centre 
de Développement des Energies Renouvelables, CDER, 01000, Adrar, Algeria. 
b Unité de Recherche Matériaux et Energies Renouvelables URMER, 13000, Tlemcen, Algeria. 
Abstract 
In this paper a study has been presented for sustainable development of renewable energy sources for supplying electricity to a 
residential house in the city of Adrar, Algeria. During the experimental period, The total potential of electricity from these 
resources varied between 4424,54 Wh/day and 4662,23 Wh/day whereas demand is only 3205 Wh/day, which the main source of 
power to the energy system is photovoltaic panels, whereas, wind generators are the supported additional sources. The proposed 
system is composed of at 750W photovoltaic solar panels (ET-P660250W polycrystalline silicon 250W) and one wind turbine of 
900 W (Whisper100) interconnected to a DC bus through converters. The PV-Wind hybrid system is coupled to 14 unit batteries 
each of 12V-100Ah and battery charging and discharging controller. 
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1. Introduction 
Since 2010, Algeria is implementing an ambitious strategy for encouraging and developing renewable energy in its 
territory. This strategy would gradually replace the use of gas, which currently is the only resource for the country's 
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electricity generation by other energy sources like solar, wind and nuclear energy [1]. 
National policy for the renewable energies promotion and development is governed by laws and regulations adopted 
over recent years (law on energy conservation, law on the promotion of renewable energy within a framework of 
sustainable development, law on electricity with its accompanying decree on the diversification costs) reveal the will 
of the state to make these energies, the future energies for the country, by encouraging a greater contribution to the 
national energy mix, and also this policy relies on a whole network of organizations and business companies within 
of higher education and scientific research and the ministry of energy and mines  each one dealing with the 
development of renewable energies [1,2]. 
 
In solar energy, Algeria has one of the greatest solar deposits in the world. The sun exposure duration on almost all 
the nation's land exceeds 2.000 hours a year and reaches 3.900 hours (highlands and Sahara). The daily received 
energy on a horizontal surface of 1 m2 is of 5 kWh on most of the nation. That is around 1.700 kWh/m2/year in the 
north and 2.263 kWh/m2/year in the country southern side [1,3]. 
 
Algeria has a considerable wind resource, whose potential is especially significant in the south with average speeds 
of 4 to 6 m / s, is also a valuable resource that can supply domestic needs in remote sites, while the north is found to 
be less windy with the exception of microclimates in the coastal region of Oran, Bejaia and regions of Tiaret, Biskra 
and Setif [1,3]. 
 
The aim of this paper is to presents and discusses the results of measurements of solar radiation, wind speed, 
temperature, energy production data from photovoltaic modules and from wind turbine and the load during period 
testing of a photovoltaic-wind–battery hybrid power system used to supply electricity to a small house with average 
daily energy consumption 3205 Wh/day. 
2.  The hybrid photovoltaic-wind system description  
The proposed system is composed of at 750W photovoltaic solar panels (ET-P660250W polycrystalline silicon 
250W) and one wind turbine of 900 W (Whisper100) interconnected to a DC bus through converters. The PV-Wind 
hybrid system is coupled to 14 unit batteries each of 12V-100Ah, lead-acid type and battery charging and 
discharging controller. 
 
PV panels transform solar radiation into direct current (DC), and the electricity (AC) generated by the wind turbine 
transforming it to direct current (DC) by the Whisper controller.   
The DC voltage obtained at the output of the photovoltaic and wind subsystems are connected to the inputs of the 
hybrid system controller. 
The system can satisfy both DC and AC loads. For the AC 220V loads a CP300 inverter is used between the hybrid 
charge controller and the AC loads, to convert direct current DC 24V to alternative current AC 220V.  
  
The schematic diagram for the standalone hybrid PV-Wind system is shown in Fig. 1, along with photos 2, 3 and 4 
of the actual installation. The experimental set up has been realized in the Research Unit in Renewable Energies in 
Saharan Medium, Adrar. The photovoltaic panel group constitutes the primary energy supplier of the system; while 
the wind turbine is the secondary supplier since the contribution of wind turbine is small as compared to the share of 
the photovoltaic subsystem (small wind turbine 900 W and law wind speed in the testing period).  
 
We also installed a data acquisition system and connected to the computer for recorded the meteorological data 
(solar radiation, temperature…), load profiles and energy production data from photovoltaic module and wind 
turbine subsystems. 
 
 
A schematic diagram of PV-Wind hybrid system consists of PV array, wind turbine, battery, hybrid system 
controller and inverter is shown in Fig.1. 
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Fig. 1: The schematic diagram of the Standalone hybrid PV-Wind system  
 
    
 
 
     
     
 
Fig. 4: The experimental project photos 
Fig. 2: Photo of the PV panels and wind turbine   Fig. 3: Photo of the Whisper charge controller and 
hybrid system controller 
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3. Measurements 
The following data were regularly recorded with a time interval of one minute during the experimental period, from 
20 to 26 December 2014.  
 
¾ Radiation measurements obtained using CM 11 pyranometer (measurements of global tilted radiation). 
¾ Measurement of wind speed at a height of 10 m above sea level. 
¾ Corresponding temperature measurements of the photovoltaic module battery and ambient conditions using 
J-, T- and K-type thermocouples. 
¾ Energy production data from 250W polycrystalline silicon solar modules. 
¾ Energy production data from a wind turbine Whisper 100. 
¾ Load profiles during period testing. 
 
4. Load analysis 
The third stochastic data is the electricity consumption of the load charges (AC and DC). The statistical data are 
collected every minute and integrated over each hour and the hourly values are transferred on daily basis [4].  
¦
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Where, In, Vn, and Dn are the current, voltage and duty cycle of each appliance used in one day, respectively and Ed 
shows the total energy demand for the house. As shown in Table 1, the average daily energy consumption of the 
house is calculated as 3205 Wh/day according to Eq. (1).  
 
Fig. 5 illustrates the hourly mean electricity consumption values of the load charges.  
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Fig. 5: Hourly average electricity demand 
Table 1. Calculated energy consumption 
 
Appliance Power  
[W] 
Number of used  
[hours /day] 
Used energy /Day 
[Wh] 
Lighting 100 14* 1400 
LCD TV 80 2* 160 
Computer 75 5* 375 
Refrigerator 85 10* 850 
Domestic iron 130 1* 130 
Electric oven 95 2* 190 
Washing machine 100 1* 100 
Total 665  3205 
* discrete time 
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5.  Results and discussion 
The system performance was evaluated in seven days, from 20 to 26 December 2014. Relevant data are presented in 
Figures 6 to 12. Figures shows the evolution of the global radiation, wind speed, ambient temperature, photovoltaic 
temperature, battery temperature, battery bank voltage and power output from wind turbine and photovoltaic as a 
function of time.  
 
The photovoltaic system will operate all the year round with a fixed slope. With fixed slope systems, a slope roughly 
equal to the latitude will typically maximize the annual PV energy production [5,6]. Therefore, the tilt optimum 
angle of the PV modules is taken as q 28E . The generated power of PV panels is also a function of temperature, 
when the temperature increases, the efficiency of the panel decreases [4,7]. 
 
Fig. 6.a), 6.b) and 11 shows plots of the global irradiance and photovoltaic output power on the tilted plan for two 
days: 20 December 2014 and 26 December 2014. 
 
Fig. 7.a), 7.b) and 11 shows wind speed diurnal variation. The diurnal variation provides information on the 
availability of the wind during entire day. The diurnal variation shows relatively higher winds between 10:00 and 
18:00 h while lower values during the rest of the day. 
 
Fig. 8.a), 8.b) and 11 illustrates the distribution of the battery temperature, ambient temperature and photovoltaic 
module temperature with the hours of the day. The curve has the shape of bell. Sun starts to be significant at 09:00 
and decreases at 17:00 h. The surface temperature of the PV module is approximately the same as the ambient 
temperature at night; however, it can exceed the ambient temperature by 25 °C or more at noon.  
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Fig.6: Diurnal variation of solar radiation and photovoltaic output power: a) 20 December 2014; b) 26 December 2014. 
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Fig. 12: Wind speed and wind turbine output power: a) 20 December 2014; b) 26 December 2014. 
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Fig.8: Hourly variation of battery temperature, ambient temperature and photovoltaic module temperature: a) 20 December 2014; b) 26 
December 2014. 
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Fig.9: Hourly variation of voltage and state of charge SOC of the battery bank: a) 20 December 2014; b) 26 December 2014. 
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Fig. 11: Daily variation of load and power output from wind turbine, photovoltaic and hybrid systems (from 12 to 18 December 2014) 
 
b)  
Fig. 10: Daily variation of load and power output from wind turbine, photovoltaic and hybrid systems (From 12 
to 18 December 2014) 
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Fig. 12: Comparison between loads, power generated by wind turbine, photovoltaic and hybrid systems 
 
Fig. 9.a), 9.b) and 11 describes the hourly-mean battery SOC variations of the hybrid power generation project. It 
was observed that the hourly-mean battery SOC is much higher during the hours 11:00–18:00 than the rest hours. A 
distinct increase of battery SOC is observed since 11:00. With solar radiation getting stronger and stronger the 
battery will be recharged, and the battery SOC will be recovered. For the first testing day 20 December, the highest 
battery SOC is 70 % occurs at around 14:00H when the power supply decreases to the load level, while the whole 
evening is characterized by the decreasing battery SOC until 45 % occurs at around 19:00H. For the seven testing 
day 26 December 2014, the hourly-mean battery SOC varied between a maximum of 69 % and a minimum of 42 %. 
For all days, the peaks of the state-of-charge SOC (%) occur around 14:00H the power output from PV modules and 
from wind turbine were highest (a high hourly mean solar radiation, high hourly mean wind speed). 
We can note also that the charge state of the battery bank can never exceed the permissible maximum value SOCmax 
(100% of SOC), and can never be below the permissible minimum value SOCmin (20% of SOC) [8,9]. 
 
From Fig. 11 and 12, we can be observed that the power supplied by the PV array is more important than power 
wind turbine, and the total generated power meets the load at all days. 
Table 2. Energy contribution by wind, PV systems of total energy production by the hybrid system. 
 Contribution of  
PV 
Contribution of 
Wind 
Hybrid system  
PV + Wind 
PV 
(%) 
Wind 
(%) 
Total 
(%) 
Thursday 3049,04 830,72 4461,30 81 19 100 
Friday 3074,82 782,22 4463,49 82 18 100 
Saturday 3092,76 747,60 4445,25 83 17 100 
Sunday 2108,49 746,33 4523,34 84 16 100 
Monday            3247,19 721,06 4424,54 84 16 100 
Tuesday 3387,25 783,96 4504,33 83 17 100 
Wednesday 3142,07 860,65 4662,23 82 18 100 
Daily Moy. 3014,52 781,79 4497,78 83 17 100 
 
Table 2 summarizes the energy contribution of each part of the hybrid system (PV-wind). As seen from this table, 
83 % of the energy is supplied by PV system and the remaining 17 % by the wind system.  
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The daily mean power contribution of PV systems to the hybrid power system remains almost the same with slight 
variation of minimum and maximum of 81 % and 84 %. However, the wind power contribution varied between 
minimum of a maximum of 16 % and 19 %.  
¾ Maintenance costs  
The retained hypotheses for the calculation of the annual average maintenance cost are as follows:   
 
x Maintenance of the wind turbine    2 % of its initial price 
x Maintenance of the PV panel 0,3 % of its initial price 
x Maintenance of the battery  0,2 % of its initial price 
Table 3. The costs and lifetime aspect for the system components 
Components Capital cost 
($) 
Maintenance and 
repair cost  
($/year) 
Lifetime 
(year) 
Annualized capital 
($/year) 
Total annualized 
 ($/year) 
Panel PV   750W 989,09 19,78 25 39,56 59,35 
Wind turbine  900 W 3272,30 9,82 20 163,61 173,43 
14 unit batteries 3640,39 7,28 12 303,37 310,65 
Converter  370,64  15 24,71 24,71 
Total 8272,41 76,90  531,25 568,14 
Civil engineering work 211,66  25 8,47  
 Accessories 317,49  25 12,70  
Total annualized cost of the 
system 
589,31 
 
            
 
 
 
     
. 
Fig. 13: Structure of the equipment cost of the hybrid 
system 
Fig. 14: Distribution of the maintenance costs 
Fig. 15: Annual net cost Fig. 16: Structure of the capital cost of the hybrid system 
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A hybrid energy system present many benefits including reduced cost of energy (COE), operation and maintenance 
(O&M) cost and is more environmental friendly as compared to traditional systems. The estimated COE related to 
the hybrid system is equal to $0,36/kWh, 
 
6. Conclusion 
The paper studied the techno-economic feasibility of integrating renewable energy in supplying electricity to a small 
house in Adrar, Algeria, with average daily energy consumption 3205 Wh/day. 
 
From the testing period, we can observe that: 
 
 The power that any subsystem can deliver depends on the weather conditions of the considered site.  
 The power supplied by the PV array (83%) is more important than power wind turbine (17%).  
 The battery SOC is dominated by power from the PV array.  
 The total generated power meets the load at any time of the day. 
 There exists daily complementary relationship between solar energy and wind energy. 
 The peak electricity production of the wind-solar system coincides with peak house energy demands. 
 The wind speed is higher on average between 10:00 and 18:00 h while lower values are recorded during the 
rest of the day. 
 The hourly-mean battery SOC varied between a maximum of 72 % and a minimum of 42 %. 
 For all days, the peak battery charging occurs around 14:00 (a high hourly mean solar radiation, high 
hourly mean wind speed). 
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